To assess the suitability of digital stereo images for optic disc evaluations in glaucoma. METHODS. Stereo color optic disc images in both digital and 35-mm slide film formats were acquired contemporaneously from 29 subjects with various cup-to-disc ratios (range, 0.26 -0.76; median, 0.475). Using a grading scale designed to assess image quality, the ease of visualizing optic disc features important for glaucoma diagnosis, and the comparative diameters of the optic disc cup, experienced observers separately compared the primary digital stereo images to each subject's 35-mm slides, to scanned images of the same 35-mm slides, and to grayscale conversions of the digital images. Statistical analysis accounted for multiple gradings and comparisons and also assessed image formats under monoscopic viewing. RESULTS. Overall, the quality of primary digital color images was judged superior to that of 35-mm slides (P Ͻ 0.001), including improved stereo (P Ͻ 0.001), but the primary digital color images were mostly equivalent to the scanned digitized images of the same slides. Color seemingly added little to grayscale optic disc images, except that peripapillary atrophy was best seen in color (P Ͻ 0.0001); both the nerve fiber layer (P Ͻ 0.0001) and the paths of blood vessels on the optic disc (P Ͻ 0.0001) were best seen in grayscale. The preference for digital over film images was maintained under monoscopic viewing conditions. CONCLUSIONS. Digital stereo optic disc images are useful for evaluating the optic disc in glaucoma and allow the application of advanced image processing applications. Grayscale images, by providing luminance distinct from color, may be informative for assessing certain features. (Invest Ophthalmol Vis Sci. 
G laucoma diagnosis, management, and research require complex assessments of the optic disc. Over many decades, the gold standard of optic disc evaluation in glaucoma has been the qualitative evaluation of stereo photographic images of the optic disc, most typically as 35-mm slides or other film-based media. More recently, automated optic disc analyzers have been introduced that use either laser technologies or polarized light to image the optic disc and/or the retinal nerve fiber layer. Studies with these instruments infrequently compare them directly to stereo photographs, and available reports generally find their diagnostic precision comparable to stereo photographs. [1] [2] [3] [4] [5] So far, the qualitative evaluation of stereo optic disc images by experienced observers remains the reference standard for optic disc evaluation in glaucoma 6 -8 despite the subjectivity and variability inherent in this conventional approach. 9, 10 As examples, contemporary clinical glaucoma trials, such as the Ocular Hypertension Treatment Study (OHTS), 11, 12 the Low-Pressure Glaucoma Treatment Study (LoGTS) 13 and the European Glaucoma Prevention Study (EGPS), 14, 15 used human observers to grade conventional stereo photos to evaluate the optic disc.
We are adapting modern computer vision methods to optic disc diagnosis in glaucoma but were concerned with the limited number of published comparisons of digital and film imaging formats for optic disc photographs, as ophthalmic photography has migrated from film-based to digital images. The few published reports mostly have assessed the utility of digital optic nerve images for quantitative parameters long used in glaucoma evaluation, such as the cup-to-disc ratio. 16 -21 In contrast, in a considerably more extensive body of literature, the utility of digital images has been compared to that of film images in retinal diseases such as diabetic retinopathy [22] [23] [24] [25] [26] or macular degeneration. [27] [28] [29] To address the suitability of digital stereo optic disc images as a platform for developing novel computerized approaches for glaucoma diagnosis, we assessed the quality and definition of optic disc features by directly comparing optic disc images obtained from individual subjects and displayed in different formats. We sought to avoid the well-known inaccuracies in trying to assign quantitative estimates such as the cup-to-disc ratio.
9,10 Specifically, we obtained stereo color optic disc images contemporaneously in both digital and 35-mm slide film formats in subjects with a range of optic disc cup sizes and included both scanned and grayscale images in the analysis.
MATERIALS AND METHODS

Subjects
The optic nerves of both eyes of 34 outpatients at the Scheie Eye Institute were photographed. Images from five subjects were excluded: three did not have film photographs because subjective photophobia or poor fixation or cooperation prevented completion of the full photographic series; one had markedly blurred fundus images bilaterally from cataracts; and one had severe bilateral periFrom the 1 Department of Ophthalmology, University of Pennsylvania, Scheie Eye Institute, Philadelphia, Pennsylvania;
2 Vision Technologies, Sarnoff Corporation, Princeton, NJ; and the 4 Glaucoma Care Center, PC, Narberth, Pennsylvania.
papillary choroidal neovascularization and atrophy from presumed ocular histoplasmosis that was too advanced to permit meaningful optic disc assessments. Two observers, (DJP and RAS) different from those who subsequently graded the images, selected the digital and film images of one eye from the remaining 29 subjects, using subjective assessment of the image qualities. The images were obtained from subjects aged 27 to 87 years, 16 (55%) of 29 of whom were women, of various ethnicities (16 [55%] Caucasian, 12 [41%] African American, and 1 [3%] East Indian). Since image qualities per se were the subject of this study, subjects were recruited to include optic discs with a broad range of cup-to-disc ratios but without regard to visual field status or specific glaucoma diagnosis. Of these 29 subjects, 5 had a clinical diagnosis of glaucoma; 9 had suspected glaucoma diagnosed on the basis of either intraocular pressure or optic disc asymmetry; and 15 had a diagnosis unrelated to glaucoma. All subjects had undergone an ophthalmic examination by their staff physicians, who had determined that they required pupil dilation as part of that day's examination. The subjects provided informed consent before pupil dilation, which was performed with topical drops according to their physician's instructions. The University of Pennsylvania Institutional Review Board approved this study, and the research was conducted in accordance with the Declaration of Helsinki for research involving human subjects.
Photography
After pharmacologic mydriasis, sequential stereo optic disc images were obtained at 1ϫ magnification in both 35-mm slide film and digital formats by interchanging the camera back on a fundus camera (model FF4; Carl Zeiss Meditec, Inc., Dubin, CA). The 35-mm film images were captured on slide film (Fujichrome Velvia 100; Fujifilm USA, Inc., Valhalla, NY; ISO 100; http://www.fujifilm.com/products/professional_ films/pdf/velvia_100_datasheet.pdf). The digital images were captured with a digital imaging system (OIS WinStation 5000; Ophthalmic Imaging Systems, Sacramento, CA) with a 4.9-megapixel Bayer sensor camera back (2392 ϫ 2048 pixels; MegaVision; Santa Barbara, CA).
Image Visualization
Digital Image Display. Digital images were displayed on a 26-in. display monitor (MultiSync LCD2690WUXi; NEC Corp.; Tokyo, Japan) set to a screen resolution of 1920 ϫ 1200 pixels, a native RGB setting of 6500°K, and brightness and contrast settings of 50.3% and 50.0%, respectively. The monitors were calibrated with a colorimeter (i1Display 2; X-Rite Inc., Grand Rapids, MI) before use each day, with white point values in the range of 6400 to 6700°K. The digital stereo images were viewed through a stereoscope (Screen-Vu; PS Mfg, Portland, OR).
35-mm Film Images.
Slide film images were viewed on a horizontally placed fluorescent light box with 5000°K color-corrected lamp (Porta-Trace; Gagne, Inc., Johnson City, NY) with a Donaldson stereo viewer (GJ Davco, Holbrook, MA).
Images
From either the primary digital images or the film images, two investigators (DJP and RAS) selected the optimum stereo image pair for each subject for use throughout the investigation, based on subjective assessment of image clarity, stereo effect, minimal artifacts, and overall image quality.
35-mm Slide Film Digitalization.
For each subject, a single pair of stereoscopic 35-mm slide film images was scanned at 250 dpi resolution (Super Coolscan 5000 ED; Nikon Corp.; Tokyo, Japan) using scanning software (SilverFast Ai Studio; ver. 6.5.5r5 LaserSoft Imaging AG; Kiel, Germany) that gave the scanned images the approximate dimension of the primary digital images (9.6 inches horizontally ϫ 8.2 inches vertically), with a Q Factor (a setting for adjusting scan resolution) of 1.0. These scan settings yielded images of size and pixel dimensions approximately identical with those of the primary OIS images. Because of the camera's Bayer sensor, digital OIS WinStation images are automatically sharpened. To render the scanned images comparable visually to the primary digital images, the scanned film images were converted from RGB to LAB mode (Photoshop CS3 Extended; Adobe Systems Inc.; San Jose, CA), the lightness channel was highlighted, and an Unsharp Mask filter was applied with settings (amount 100%; radius 2.5 pixels; threshold 0) as recommended by OIS (B. Yates, OIS, personal communication, 2008). The image was then converted back to RGB mode and saved in TIFF format.
Grayscale Images. To convert the primary stereo digital color images to grayscale, two investigators (DJP and RAS) evaluated various conversion protocols on images with different cup-to-disc ratios for both the quality of the optic disc image, including its stereo, and the visibility of the peripapillary nerve fiber layer. From these assessments, grayscale images were created from the original color digital images (Channel Mixer adjustment layer, with the following proportions: red 0%; green 85%; blue 15%; Photoshop, Adobe Systems).
Digital Image Displays. For display on a computer monitor, all images were prepared at 25% magnification (using Photoshop; Adobe Systems). The fundus images were cropped with a fixed-size elliptical marquee tool, so that the optic disc was centered in a 1975-pixeldiameter circle. The stereo image pairs were mounted onto a digital canvas measuring 24 ϫ 17 inches (horizontal by vertical; 6000 ϫ 4250 pixels) with a black background.
To compare primary digital images to the 35-mm film images, we mounted the stereo digital image pair alone for digital display.
The primary versus scanned digital images were compared by displaying one stereo pair of primary digital images and one stereo pair of scanned 35-mm film images for each subject, one above the other, positioned in the top or bottom location in random order; graders were masked to the location of image types on the display. For digital color versus grayscale comparisons, the primary digital stereo color images and their corresponding grayscale images were similarly mounted on a black canvas as stereo pairs, one above the other. Whether the stereo images were in color or grayscale could not be masked, but the color or grayscale images were placed in the top or bottom display position in random order in case monitor location might influence grading.
Primary Image Format Comparisons and Grading Criteria
To obtain a broad perspective, two experienced glaucoma subspecialists (EM, JP-S), the head of the Scheie Fundus Reading Center (JA), and an experienced ophthalmic clinical photographer (WN) each independently compared the primary digital images (images acquired using the digital camera back) to the three other image formats: (1) 35-mm slide images (images acquired during the same photography session using the 35-mm film camera back); (2) scanned film images (digital images obtained by scanning the 35-mm film images); and (3) grayscale images (images from converting primary color digital images to grayscale digital images).
Unless otherwise specified, the image formats were assessed for 19 parameters (listed on Tables 1-3) as being equivalent, one type being slightly superior or one type being very superior, resulting in a 5-point grading scale. If a particular parameter was judged as not present or indeterminate, it was excluded from subsequent analysis. Each grader answered every query. For classification purposes only, the graders used the images from the primary digital versus scanned film comparison to estimate the vertical and horizontal cup-to-disc ratios; the mean of the vertical and horizontal cup-to-disc ratios from all graders was used to assign the cup-to-disc ratio for each subject.
Secondary Image Format Comparisons
Three observers (EM, JP, and WN) conducted two sets of secondary image format evaluations: (1) intraobserver reproducibility, and (2) monoscopic versus stereo viewing. For both secondary comparisons, they graded the images only along the global parameter of "overall gestalt" (parameters 18 and 19 in Tables 1-3 ). The intraobserver reproducibility was assessed by having the observers evaluate the same image sets at a later date under conditions identical with those of the initial more detailed comparisons. Monoscopic digital images were the identical digital images viewed on a monitor without using a stereoscope; the 35-mm slide images were evaluated monocularly with a single lens of the same stereo viewer.
Data Analysis
Image Format Preference Comparisons. Because few gradings ranked one image format as "very superior" to the other, the gradings were compressed into a 3-point scale (i.e., formats equivalent, one format superior, or the other format superior). To compare the gradings of the primary digital images to each of the other three image formats, we developed a preference ratio R calculated according to R ϭ (DIG ϩ E)/(ALT ϩ E), where DIG is the number of responses grading the primary digital image format as superior, E is the number of responses judging the two image formats as equivalent, and ALT is the number of responses grading the alternative image format as superior. This preference ratio R accounted for both the equivalent and preference ratings such that the analysis of equivalent ratings also influenced the outcome (e.g., higher proportions of equivalent ratings correspond to R closer to 1). An R was calculated for every query in each of the image format comparisons. Thus, R ϭ 1 indicated that the readers overall judged the two image formats as equivalent for a particular parameter; R Ͼ 1 indicated a preference among the readers for the primary digital image format; R Ͻ 1 indicated a preference for the alternative image format.
To decide whether R was significantly different from 1 (i.e., the proportion of one image format judged superior being different from the proportion of the other format judged superior), the comparison of the superior proportion between two image formats was performed by using the Generalized Estimating Equation (GEE) approach, 30 to account for the grading of the same images by multiple graders. For this analysis, gradings of "equivalent" were excluded because they do not contribute any statistical information on superiority (analysis executed through PROC GENMOD in SAS ver. 9.1; SAS Inc., Cary, NC). The dependent variable was the preference of image format (coded as 1 for the primary digital image superior, and 0 for alternative image format superior), and the gradings from the same image sets were identified by an image ID number. The binomial distribution was specified; and an independent working correlation structure was used. In this analysis, larger deviations of R from 1 do not necessarily yield smaller P values, as the correlation among gradings by multiple graders may differ for different image parameters, leading to different variance estimates and resulting P values. The Bonferroni correction for multiple comparisons was used with 19 parameters for each set of the image format comparisons in Tables 1 to 3 , and statistical significance was therefore defined as P Յ 0.0026 (i.e., 0.05/19). The statistics, weighted , and percentage of agreement were calculated to assess the concurrence of the observers for the image assessments and to assess intraobserver agreement. For these calculations, the gradings were first compressed into a three-level scale (i.e., one-image format superior to the comparator format, formats equivalent, or the comparator format superior). In calculating the weighted statistic, Cicchetti-Allison weights 31 were calculated by using the formula:
, where W ij is the weight for the cell in column i and row j in a 3 ϫ 3 contingency table, and C i is the value of the index for column or row i. The formula yields the following weights: W 11 ϭ W 22 ϭ W 33 ϭ 1, W 12 ϭ W 23 ϭ 0.5, and W 13 ϭ 0. In comparing monoscopic to stereoscopic viewing (see Table 5 ), only four comparisons were made for each of the three image format comparisons, and the level of statistical significance was defined as P Յ 0.0125 (i.e., 0.05/4) per the Bonferroni correction.
Cup-to-Disc Ratio. As the cup-to-disc ratio is a prominent feature for glaucoma evaluation, we stratified the images based on whether each subject's ratio was above or below the median ratio of 0.475. The preferences in the stratified analyses in each of the format assessments were evaluated with the GEE for parameters, using the Bonferroni correction for comparison of 38 parameters, as the 19 parameters were assessed for both large and small optic disc cups. Thus, statistical significance was achieved with P Յ 0.0013 (i.e., 0.05/38). Intraclass correlations were used to assess interobserver agreement in quantifying the cup-to-disc ratios.
Statistical Power for Image Format Preference Comparisons. Power calculations showed that the sample size of the study (29 sets of images graded by four graders) would provide very high power (84%-93%) to detect a 30% difference in preference percentage and moderate power (48%-62%) to detect a 20% difference in preference percentage when the correlations among gradings by four graders is low (correlation coefficient ϭ 0.25). When the correlation is higher (correlation coefficient ϭ 0.50), the statistical power becomes lower, ranging from 69% to 83% for detecting a 30% difference, and ranging from 35% to 48% for detecting a 20% difference in preference percentage.
RESULTS
In comparing primary digital images to 35-mm slide film images (Table 1) , the image qualities and ease of defining optic disc features was generally judged superior in the digital images. Although the assessment of optic cup diameter was equivalent between these two formats, there was an overall preference for primary digital images considering all parameters. One of the observers generally preferred 35-mm slide film images in the overall gradings, however, whereas the other three all preferred the primary digital format.
When the 35-mm slides were digitized and compared to the primary digital images taken at the same photography session (Table 2) , the observers also judged some qualities of the primary digital images as superior. For defining features of the optic disc and assessing the optic cup diameters, though, the two formats were seen as equivalent. There was no preference in the overall gestalt comparing primary digital to scanned optic disc images.
With a few notable exceptions, color and grayscale optic disc images were judged as mostly equivalent (Table 3) . Peripapillary atrophy was more easily defined in many of the color images. The quality of the nerve fiber layer was superior in the grayscale images, as was the ease of defining the paths of blood vessels on the optic disc.
As typical for subjective judgments of cup-to-disc ratios, 6, 9 the ratings by the four observers for cup-to-disc ratio showed moderate intraclass correlation: horizontal orientation ϭ 0.70 (95% confidence interval [CI], 0.56 -0.83); vertical orientation ϭ 0.65 (95% CI, 0.49 -0.80); average of horizontal and vertical orientations ϭ 0.69 (95% CI, 0.54 -0.82). The median cup-to-disc ratio (0.475) was used only for stratifying the images into two groups. Stratifying images as greater or lesser than the median cupto-disc ratio of the four graders (0.475) had only minor impact on the grading. In the primary digital versus 35-mm slide comparisons, the observers judged digital images superior for assessing blood vessel paths in optic discs with large cup-todisc ratios (parameter 12, Table 1 ; R ϭ 1.62; P ϭ 0.001), but they judged the two formats as equivalent for images with small cup-to-disc ratios, accounting for the overall lack of preference for this parameter (Table 1) . Digital images also were judged superior to 35-mm slides for defining both the vertical cup diameter (parameter 13, Table 1 ; R ϭ 1.39; P ϭ 0.0004) and horizontal cup diameter (parameter 14, Table 1 ; R ϭ 1.39; P ϭ 0.001) in optic discs with large cups, thus accounting for the overall preference for digital images in judging cup diameters (Table 1) . In comparing the primary digital images to scanned 35-mm slide images, blood vessel edges (parameter 2 in Table 2 ; R ϭ 1.96; P Ͻ 0.0001) and the overall quality of the retinal nerve fiber layer (NFL; parameter 6 in Table 2 ; R ϭ 2.10; P ϭ 0.0012) were each judged superior in the primary digital images in optic discs with small cup-todisc ratios; but the formats were equivalent in optic discs with large cup-to-disc ratios. In comparing primary color digital images to digital grayscale images, the ease of defining the blood vessel paths on the optic disc was judged superior in grayscale images only for optic discs with small cup-to-disc ratios (parameter 12, Table 3 ; R ϭ 0.80; P ϭ 0.0005). No other parameters were differentially affected by the size of the cupto-disc ratio.
Interobserver and Intraobserver Agreement
In general, there was considerable interobserver variability in the preferred format for the different parameters in the optic discs evaluated here, confirmed statistically with low values (range, Ϫ0.18 to 0.41; see Supplementary Table S1 , http:// www.iovs.org/cgi/content/full/51/11/5667/DC1). A consistent difference between observers occurred in the 35-mm slide film comparison, where three observers preferred the digital format and one preferred film.
In the secondary image format comparisons, the three observers showed moderate agreement with their initial assessments when they compared the same image sets at a later time ( Table 4 ). The percentage of agreement ranged from 60.5% to 83.9%, depending on the image format. The values also indicated moderate agreement for the repeat comparisons of the primary digital images to either 35-mm slides or scanned images of the slides. In the comparison of the primary color digital images to the grayscale conversions, the values indicated only slight to fair agreement between the observers' initial and subsequent assessment of the overall gestalt parameter.
Monoscopic Viewing
The format preferences were mostly similar in the comparisons of monoscopic to stereoscopic viewing ( Table 5 ). The observers preferred the primary digital images over the 35-mm slide film images in either monoscopic or stereoscopic viewing. The primary digital images and the scanned 35-mm slide film images were judged equivalent regardless of whether they were viewed in mono or stereo. On the basis of the forced-choice criterion, the color images were judged superior to grayscale images in the overall gestalt when viewed in either mono or stereo.
DISCUSSION
This study demonstrates that primary or scanned (i.e., digitized) stereo optic disc images are reasonable substitutes for conventional 35-mm slide film images as a reference standard for the optic disc in glaucoma diagnosis. The findings also suggest that digital stereo optic disc images can serve as a productive platform for future development of novel computerized analytical approaches to optic disc analysis. The optic disc images in this study were selected to show a broad range of cup-to-disc ratios, an essential feature related to glaucoma 2.87*** † % of ratings judging the indicated format as superior/very superior or equivalent to the other format. ‡ R is the preference ratio ϭ (DIG ϩ E)/(ALT ϩ E), where DIG is the % of responses grading the primary digital image format as superior, E is the % of responses judging the two image formats as equivalent, and ALT is the % of responses grading the 35-mm slides (i.e., the alternative image set) as superior.
* P Յ 0.0026; ** P Յ 0.001; *** P Յ 0.0001 (Bonferroni corrected), for R 1. NS, R not significantly different from 1 (i.e., equivalence of image formats).
diagnosis. Of importance, in the primary comparisons in this study, we used stereoscopic, not monoscopic, optic disc images, and the secondary comparison of monoscopic to stereoscopic images suggested that observer overall preferences for image formats would change little with monoscopic viewing. As with many other approaches to subjective evaluation of the optic disc, 9,10 the intraobserver reproducibility of the gradings was moderate.
In comparison to 35-mm slides acquired at the same photographic session, three of four observers judged the digitally acquired stereo optic disc images viewed on a monitor as superior for most parameters important in glaucoma assessments (Table 1) . These comparisons necessarily are dependent on characteristics of both the film and the digital system. We assessed only one film type, Fuji Velvia 100 slide film, but Fujichrome films have been used for optic disc grading in other glaucoma research. 32 Since the scanned images subjectively reproduced the color characteristics of the 35-mm slides, the more equivalent ratings in the comparison of the primary digital to scanned slide images suggest that imaging qualities of the 35-mm slide film per se do not fully account for the preferences for viewing images in the digital format.
Features of our digital imaging system and differences in image presentation likely accounted for the observers' judgments. Whereas the slides were viewed on a horizontal light box, the digital images were displayed in a larger format on a calibrated high-resolution, broad-gamut, large-screen monitor. Although the resolution of the digital camera used in the study falls below that of some recently introduced fundus cameras, its 4.9-megapixel resolution conforms to what is thought to be an acceptable substitute for 35-mm slide film in fundus photography. 33 Even though the resolution of TIFF images is much greater than that of our monitor, we purposely avoided compressed image formats and their potential for distortion of image features because of our intent to use the current results to support our future plan for computational approaches to digital optic disc images. We recognize that certain features of this approach to digital image display may not be practical for non-research clinical environments.
Scanned images of the same 35-mm slides were judged as more equivalent to primary digital images of the optic discs (Table 2 ) than were the 35-mm slides to the same primary digital images. The image smoothness (i.e., absence of grain) was judged better in the primary digital images, suggesting that the digital camera used in this study is neither inducing significant electronic noise nor meaningfully sacrificing resolution compared with 35-mm slides. While blood vessel edge definition, color quality, and the nerve fiber layer also were judged superior in the primary digital images, the other parameters were considered equivalent. It is speculative why the observers considered the scanned images more comparable to the primary digital images than the 35-mm slides from which the scanned images were made. The scanned and primary digital images were presented together at equivalent magnifications on a black digital canvas on a monitor, a presentation probably easier for subjective comparisons than the need to switch to a light box for viewing 35-mm slides.
One other comparison was included: primary-color digital images versus digital grayscale conversions of the same images. In computer vision analyses of stereo images with a restricted color range, like fundus images, color does not generally provide additional information over luminance in grayscale images for disparity mapping and hence for stereo reconstruction. Accordingly, we hypothesized that grayscale would actually be a useful alternative to color for subjective assessments of optic disc images by providing disparity (i.e., stereo) and luminance information without distractions from color. To convert color to grayscale images, our approach was guided by long-known chromatic properties of fundus images, 34, 35 as pertinent to optic disc and nerve fiber assessments in glaucoma. 9 Red-free (i.e., green) light is absorbed well by hemoglobin and hence is useful to enhance visualization of blood vessels, a valuable parameter for assessing the stereo properties of optic discs. Although blue light does not materially contribute to the fundus image, imaging the fundus in blue light enhances the visualization of the nerve fiber layer, perhaps because it penetrates the retina poorly and is reflected superficially. Consistent with these concepts, we found in initial assessments that the green and blue channels mixed in an 85:15 proportion in Photoshop provided a grayscale conversion with excellent stereo and apparently improved nerve fiber visualization.
In comparing grayscale and color images, color added little to the quality of optic disc parameters, and grayscale was judged superior to color for assessing blood vessels and the nerve fiber layer (Table 3) , two important parameters for glaucoma diagnosis. In the only exception to this generalization, color images were judged potentially superior for assessing peripapillary atrophy. Photoshop allows many methods to convert color to grayscale, and it is possible that a conversion technique not assessed here would have provided even more favorable grayscale stereo disc images. We are aware of no prior direct comparisons of color versus grayscale images in the evaluation of optic disc images, particularly for stereo, and our results suggest that the postacquisition conversion of color to grayscale digital images would prove advantageous for at least some fundus features pertinent to glaucoma diagnosis.
In summary, primary digital images overall were rated equivalent or superior to 35-mm slide images or to the scanned images of these slides by most observers and for most parameters. Thus, digital stereo optic disc images are useful for evaluating the optic disc and, like film, can serve as a reference standard for other approaches to glaucoma diagnosis, especially approaches based on stereo. Given the similar assessments of digital and film formats, digital optic disc images also can serve as a platform for advanced computer vision applications addressing glaucoma diagnosis. 
